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Abstract. We compiled a sample of 95 AGNs serendipitously detected in the 3-20 IceV band at Galactic latitude 
l&l > 10° during the RXTE slew survey (XSS, Revnivtsev et al.), and utilize it to study the statistical properties 
of the local population of AGNs, including the X-ray luminosity function and absorption distribution. We find 
that among low X-ray luminosity {L3-20 < lO**^'^ erg s~^) AGNs, the ratio of absorbed (characterized by intrinsic 
absorption in the range lO^'^ cm~^ < A^h < 10^'' cm~^) and unabsorbed (A^h < lO^'^ cm~^) objects is 2:1, 
while this ratio drops to less than 1:5 for higher luminosity AGNs. The summed X-ray output of AGNs with 
^3-20 > lO*'^ erg s~^ estimated here is smaller than the earlier estimated total X-ray volume emissivity in the 
local Universe, suggesting that a comparable X-ray flux may be produced together by lower luminosity AGNs, 
non-active galaxies and clusters of galaxies. Finally, we present a sample of 35 AGN candidates, composed of 
unidentifled XSS sources. 
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1. Introduction 



We have recently l)Revnivtsev et ai ?2004'. hereafter Paper 
1) taken advantage of the excellent calibration, moderate 
field of view (1 deg radius) and high effective area 
6000 sq. cm) of the PCA spectrometer on board the RXTE 
observatory to perform an all-sky survey in the 3-20 keV 
band from the data accumulated during satellite slews in 
1996-2002 - the RXTE slew survey (XSS). For 90% of 
the sky at |6| > 10°, a flux Hmit for source detection of 
2.5 X 10^^^ erg s^^ cm^^ (3-20 keV) or lower was achieved, 
while a combined area of 7 x 10^ sq. deg was sampled to 
record flux levels (for such very large area surveys) below 
10~^^ erg s~^ cm~^. 

In Paper 1, a catalog comprising 294 X-ray sources 
detected at \b\ > 10° was presented. 236 of these sources 
were identified with a single known astronomical object. 
Of particular interest are 100 identified active galactic nu- 
clei (AGNs) and 35 unidentified sources. The hard spectra 
of the latter suggest that many of them will probably also 
prove to be AGNs when follow-up observations are per- 
formed. Most of the detected AGNs belong to the local 
population (z < 0.1). In addition, the hard X-ray band of 
the XSS (3-20 keV) as compared to most previous X-ray 
surveys, performed at photon energies below 10 keV, has 
made possible the detection of a substantial number of 
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X-ray absorbed AGNs (mostly Seyfert 2 galaxies). These 
properties make the XSS sample of AGNs a valuable one 
for the study of the local population of AGNs. 

In this paper, we carry out a thorough statistical anal- 
ysis of the above sample to investigate several key prop- 
erties of the local population of AGNs, in particular their 
distribution in intrinsic absorption column density (iVu) 
and X-ray luminosity function. Knowledge of these char- 
acteristics provides important constraints for AGN uni- 
fication models and synthesis of the cosmic X-ray back- 
ground, and is further needed to understand the details of 
the accretion-driven growth of supermassive black holes 
in the nuclei of galaxies. 

In the course of the paper, we compare our results 
with previously published ones. These include the X- 
ray luminosity function of lo cal AGNs derived from the 
HEA0-1/A2 all-sky survey ijPiccinotti et al.lll982() . the 
Nh distribution of op tically selected Seyfert 2 galax- 
ies (|Risaliti et al.l Il999.) and the evolving with red- 
shift properties of AGNs inferred largely from medium- 
sensitivit y and dee p X-ray survevs l|La Franca et 'al]l2002l: 
lUeda et al. 2003; .Steffenet al.ll2003|) . Finallv. we assess 
the contribution of AGNs with luminosities above ~ 
10'*'^ erg s~^ to the total X-ray vol ume emissivity in the 
local Universe, as estimated bv .Mivaii et al ] |ll994l) . 
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2. The sample 

There are 100 identified AGNs in the XSS catalog, of 
which 95 make up the input sample (Table ^ for the 
current study. One source (the radio galaxy 4C +21.55) 
was excluded because its redshift is unknown. Another 4 
objects (Mrk 335, Mrk 348, Ton S180 and NGC 1068) 
were excluded because they would not have satisfied the 
4(T detection criterion (in the 3-20 keV energy band) had 
there been no RXTE slews associated with pointed ob- 
servations of these sources, i.e. they were not detectable 
serendipitously during the survey. Note that NGC 1068 is 
a Compton thick Seyfert 2 galaxy (i.e. having an X-ray 
spectrum characterized by an intrinsic absorption column 
density TVh > 1.5 x 10^^ cm~^), and after its removal 
from the list we are left with just one source of this type 

- NGC 4945. Given this fact, we restrict the present anal- 
ysis to AGNs with TVh < 10^'' cm~^, i.e. to Compton thin 
sources. 

For each object in the sample a detailed AGN class 
is adopted from the XSS catalog, which in turn mostly 
follows the classification of the NED database. The sam- 
ple includes 18 blazars. Their emission, including the X- 
rays, is collimated in our direction, which makes this class 
distinctly different from normal, emission- line AGNs. We 
have decided to consider the poorly studied source TEX 
0222-1-185 a blazar due to its extraordinary inferred X-ray 
luminosity (~ 10^* erg s"""^). The remaining 77 sources are 
non-blazar AGNs of various types, mostly Seyfert galax- 
ies. Note that no strict division is drawn here between 
Seyfert galaxies and quasars; typically, AGNs designated 
as Seyferts (or radio galaxies) and quasars have an X-ray 
luminosity below and above lO'*'*'^ erg s~^, respectively. 

In the non-blazar subsample, 60 objects are optically 
classified as type 1 AGNs and 7 of these are narrow-line 
Seyfert 1 galaxies (NLSl). We can directly infer from these 
numbers that in the local Universe NLSl galaxies make up 

- 10% of hard X-ray (3-20 keV) selected type 1 AGNs 
This r esult fits well in the picture summarized bv ^ Grup^ 
l)2000(l that NLSl galaxies appear significantly enhanced 
(reaching ^ 40%) in soft X-ray selected samples compared 
with hard X-ray selected ones. Radio loud AGNs (radio 
galaxies and radio-loud quasars) amount to 10/60 ^ 15% 
of type 1 objects in our sample, which is consistent with 
the well-known fraction 10%) of radio loud objects 
among optically selected quasars fe.g. Jvezic et al. 2002). 
We note that it would be wrong to estimate here in the 
same straightforward way the proportion of unabsorbed 
and absorbed AGNs, which is one of the primary goals 
of this study, since our sample is biased against the lat- 
ter type due to the sampled space volume decreasing with 
increasing A^h for a given intrinsic luminosity. The corre- 
sponding accurate calculation will be done in ^ 

The information given in Table ^ for each AGN in- 
cludes the measured count rates in two energy bands 3- 
8 keV and 8-20 keV together with their la statistical un- 
certainties. We point out that these count rates have been 
obtained by averaging over multiple slews performed at 



random times during the period 1996-2002. It is impor- 
tant to note that in contrast to the original XSS catalog, 
the uncertainties quoted here do not take into account 
RXTE slews related to pointings at the sources. The cur- 
rent sample is thus effectively serendipitous. As was noted 
above, the corresponding correction has led to the removal 
of 4 AGNs from the sample. All of the presented AGNs 
are detected at a more than 4(t confidence level in the 
3-20 keV band. It should be noted that at the faintest 
fluxes, source confusion may affect the count rate estima- 
tion. In Paper 1 a relevant threshold was estimated as 
4crconf — 0.5 cnt s~^ for the 3-20 keV band. Since only 3 
of the AGNs in our sample have measured count rates be- 
low this limit, the overall effect of confusion on the sample 
is definitely negligible. 

Next, two types of luminosity in the observer's 3- 
20 keV band^ are given for each source. The observed lu- 
minosity, L3_2o, is calculated from the measured 3-20 keV 
count rate (the sum of the 3-8 keV and 8-20 keV count 
rates) by taking into account the spectral response of the 
RXTE/PCA instrument and assuming a power-law spec- 
trum of photon index F = 1.8 with a low-energy cutoff 
due to intrinsic absorption (see W2.1\ below) . The intrin- 
sic luminosity L3_2o,int is then found by correcting the 
observed luminosity for the intrinsic absorption. We also 
note that the quoted luminosities for the only AGN in 
our sample with A^h > 10^'' cm'^ - NGC 4945 - should 
be regarded as crude estimates because the X-ray spec- 
trum of this Compton thick source is poorly described 
ijGuainazzi et alJl200(t) by the photoabsorbed power law 
model adopted here. 

The luminosity distances were computed from 
the known redshifts assuming a cosmology with 
(i/o,f^m,l^A) = (75 km s-i Mpc-i, 0.3, 0.7). For 10 
nearby sources (z ^ 0.01), the d istances from the Nearby 
Galaxies Catalogue |(Tu11vII 19881) were adopted. 

We show in Fig. the location of our AGNs on the 
redshift-luminosity plane. One can see that the distribu- 
tion in observed luminosity is extremely broad, spanning 7 
(5) orders of magnitude if the blazars are included or not. 
We are effectively probing the local Universe {z < 0.1). 
These properties combined with the hard X-ray range (3- 
20 keV) distinguish our survey from others. 

2.1. Absorption column density 

Another important property of AGNs is intrinsic absorp- 
tion column density (A^h)- It plays crucial roles in the 
AGN unification paradigm and in the study of the cosmic 
X-ray background. It should be noted that throughout 
this paper we ignore the contribution of Compton scatter- 
ing to intrinsic extinction and consider photoabsorption 
only. This is justified because we do not consider Compton 
thick sources and since the effect of Compton scattering 

^ Defining the luminosities in the rest-frame 3-20 keV 
band makes essentially no difference, since the estimated k- 
correction |AlogL| < 0.1 for all the sources in the sample. 



Table 1. AGN sample 



Sazonov & Revnivtsev: Statistical properties of local AGNs 



3 



J^DO ODject 


Commoii name 




o— o Kev 


o— zu Kev 


z 


u 


log L3 


f 

-20 


AT S 


xiei 


JzUUU.U ) 






cnt s ^ 


cnt s ^ 




IVipC 


erg £ 


-1 


1 n22 2 

iu cm 




UUoDoH-4oo ( 


t^LrUO OOO-UlZ 


bi 


n oc _L n nt; 


n 1 n _L n n7 
U.iy ± U.Uf 


n n/i on 
U.U4oU 




AO AQ 

4o.4o 


/I Q ,10 

4o.4o 


io^ ^ oc^ 
iz(< zoj 


-1 
1 


UlZoZ — ooU2 


"wr^r^ coc A 
InLjO OZDA 


Oo 
bz 


1 d'X _i_ n 1 c 
l.Dl ± U.lO 


1 ni _i_ n 1 7 
l.Ul ± U.i / 


n n 1 nn 

u.uiyu 




AO /I 

4o.4z 


AO A A 

4o.44 


1 _i_ n 1 
i.z ± U.i 


Q 



UlzoD— ooo4 


l^airail y 


Cl 

bl 


1 o^; _i_ n 1 n 
l.ZD ± U.iU 


n c o _i_ n 1 c 
U.DO ± U.io 


n n /I cn 
U.U4dU 




A A no 
44. Uo 


A A no 
44. Uo 


< 1 


Q 



Uzioi — UUoo 


\!\Ti\r cnn 

iviHiv oyu 


bi 


1 nc _!_ n Qn 

i.yo d= u.oy 


1 n7 _!_ n /I n 
i.U / dz u.4y 


n no7n 
U.Uz / U 




A 7n 
4o. / y 


A 7n 

4o. / y 


< i 


Q 



nooo -1 1 1 o /I n 
(Jzzo4+io4y 


' 1 ' T? V nooo 1 IOCS' 
lilvA Uzzz+ioo 


15 L/ r 


1 17 _i_ n 0(? 
i.i/ ± U.zo 


n on _i_ n Q c 
U.oU ± U.OO 


o 7nnn 
z. /^UUU 




/1 1 
4o.io 


/1 1 

4o.io 


< lU 


1 
1 


UzodU— OZo4 




bl 


1 oo _L n 1 n 

i.zz ± u.iy 


n oc _L n o/i 
U.ZO ± U.z4 


n n/i cn 
U.U4oU 




AO C\A 

4o.y4 


AO r\A 
4o.y4 


< 1 


Q 



U4iozH-(JUOD 


1 XJ n /i 1 /i 1 nnn 
in U414+UUy 




n on _i_ n 1 7 


n oo _i_ n 1 n 

U.ZZ ± U.iy 


n onnn 

u.zyuu 




/I c cc 
40.0D 


A C CC 

40.00 


< 1 


Q 



U4zM— 0/4y 


1 lu n /i 1 n c 77 
in U4iy — 0/ / 


O 1 

bl 


noi _i_ n 1 


n on _i_ n 1 n 

U.oy ± U.iy 


n 1 nnn 
U.IUUU 




A A C7 
44.0 I 


A A CO 
44.00 


^ -I 

< 1 


Q 



ri/iQQi 1 np;on 
U4ooi+UozU 


Q/^ 1 on 
6\u izU 


■RT T>r^ 


o n/i _!_ n on 
Z.y4 dz U.zU 


1 7/1 _!_ n on 
i. ^ 4 dz U.zU 


n noon 
U.UooU 




A A 1 C 

44. iD 


A A 1 C 

44. io 


< i 


Q 



nc 1 no 1 1 /I n 


TT> A c? ncn70 1 1 cf^a 
IKAb UoU/o+iOZO 


O 1 

bi 


o no _i_ n on 
Z.Uo ± U.zU 


1 1 o _i_ n OQ 
l.io ± U.ZO 


n m on 
U.UioU 




AO AT 


/I Q AT 

46 A ( 


^( ^ 1 1 ^ 
5(< 11) 


-1 
1 


UolDZ— UUUo 


A 1 on 
AKIN IzU 


Ol 

bi 


o 1 /I _L n 1 o 
Z.i4 ± U.io 


1 in _L n 1 o 
i.iU ± U.io 


n nQQn 
U.UooU 




A A nn 
44. UU 


A A nn 
44. UU 


< 1 


Q 



UozzU — 4dUo 


Jr^lC A 


i^L/ixLj 


n oo _!_ n nn 

u.oo d= u.uy 


n CQ 1 nil 
U.OO dz U.ii 


n nQcn 
U.UooU 




A cn 

4o.oy 


AO cn 
4o.Dy 


< i 


Q 



UoolD+lozU 


FKb 0525+134 


lib 


n i n i o 

U.dU ± U.lo 


n or* 1 n 1 r* 
U.ZD ± U.lb 


2.1000 




47.53 


47.53 


< 1 


3 


UOOiU — OZZD 


■DTVC nC/lQ ^?o 

FKb Uo4o— oz 


"DT 

rilj 


1 /in _!_ n on 
i.4y zh U.zU 


n CO _!_ n oc 
U.Dz dz U.zO 


n ncnn 

u.uoyu 




A A AQ 

44.45 


A A AQ 

44. 4o 


< i 


Q 



Uoolo— U/ oo 


Mr^O O1 1 n 


oo 

bz 


o on J_ n 1 Q 
z.zy ± U.io 


1 cc J_ n on 
i.OO ± U.zU 


n nn7c 
U.UU/O 




AO QO 

4z.oz 


AO on 
4z.oy 


7 n _L n c 
/ -U ± U.O 


z 


UOOOZ-|-4Di / 


'\l{(~^C^ 1 Q 1 1 11 


Ol 
bi 


O Q7 J_ n 07 
z.o i ±: U.z ( 


n QQ J_ n Qi 
U.OO dz U.oi 


n nonn 
U.UzUU 




A CC 

4o.oo 


AO CC 

4o.OD 


< i 


Q 



UDUi4— oU44 


FKb UOOO— 0U4 


TVTT Ol 


n 7C _i_ n 1 c 
U. (0 ± U.io 


n oo _i_ n 1 o 
U.ZZ ± U.io 


n 1 /I nn 
U.14UU 




A A on 
44. oU 


/I A on 
44. oU 


< 1 


Q 



nfi 1 71 1 71 no 
Uoi ( i+ iUz 


A/I'D Q 
iVirtrv o 


oo 

bz 


n Q7 1 n 1 ^ 
U.o/ di U.io 


n CO _!_ n on 
U.OO dz U.zU 


n ni /in 
U.Ui4U 




AO nn 

4z.yy 


/iQ /in 
4o.4U 


7Q -1- 

/o dz 


z 


n'7AOA 1 /in/ic 
U r 4o4H-4y4o 


iVlrtiv /y 


Ol 
bi 


1 QO _L n oc 
i.oz ± u.zo 


n 7c _L n QC 
U. /^O ± U.OO 


n noon 
U.UzzU 




/I Q /I C 

4o.4o 


AO A^ 
4o.40 


< i 


/I 
4 


noi 1 1 '7£inn 


"T) rion/1 1 7£;i 


Ol 

bi 


n cc _L nil 
U.OO ± U.ii 


n Qn _L n 1 c 
U.oU ± U-lO 


n 1 nnn 
U.iUUU 




A A A'7 
4:4: A { 


A A AT 

44 A I 


< 1 


Q 



n Q /1 1 Q 1 Tn K o 
Uo4io-f- / Uoz 


Oc noQf; 1 71 
DO UooO+ ( i 


13 L/ 


1 RA J_ n 1 o 
i.o4 ± U.iz 


1 o7 J_ n 1 c 
i.z ( dz U.io 


o onnn 
z.zUUU 




AQ 1 

4o.iz 


AQ ^o 
4o.iz 


< i 


Q 



nnon a i i cno 
UyzU4+ioUo 




O 1 

bl 


1 n7 _i_ n oo 
l.U i ± U.ZZ 


n on _i_ n oo 
U.oU ± U.zo 


n nonn 

u.uzyu 




AO C C 

4o.D0 


/I c c 

4o.OO 


< 1 


Q 



nnoi^i 1 con/1 
(jyzDi+0zU4 


IVLKiv 111) 


■\TT Ol 


1 1 o _i_ n 1 
l.io ± U.io 


n c /I _i_ n oo 
U.04 ± U.z2 


n nocn 
U.UooU 




A on 
4o.oU 


AO 01 

4o.oi 


< 1 


Q 



f\nA'7t^ Qi nn 
Uy4/D— oiUU 


Ayf/^/^ C OQ 1 
iViolor -O-ZO-lD 


Oo 

bz 


0.4/ ± U.o4 


Q ni _L n QI 
o.yi ± U.oi 


n nnoQ 
U.UUoo 




A Qn 
4o.oU 


AO 00 

46.6Z 


Q _L n c 
z.o ± U.o 


z 


1 noQ 1 1 1 ncn 
iUzoi + iyoU 


K\r^r^ Q007 


Ol 
bi 


oil _!_ n 1 o 
Z.ii dz u.io 


1 QO _!_ n 1 o 

i.OO dz U.io 


n nn oo 
U.UUoo 


on c 
zU.O 


AO /in 
4z.4U 


AO /in 
4Z.4U 


< i 


Q 



1 1 n /I c 1 oono 


A /T ID T/^ /I O 1 

MKK 4zl 


rJlj 


o nn _i_ n 1 o 
O.yy ± U.iz 


o no _i_ n 1 o 
O.Uo ± U.iz 


n no 1 n 
U.UoiU 




/I /I CO 

44. oz 


/I A CO 

44. oZ 


< 1 


Q 



1 1 n /1 7 oo A 1 
iiU4/ — Zo4i 


/ITT inC7 OI 

4U lUo/— zl 


rJij 


1 /in _i_ n Q /I 
i.4y ± U.o4 


n c o _i_ n o c 
U.OO ± U.OO 


n 1 nnn 

u.iyuu 




/I C /II 

4o.4i 


/I C /II 

4o.4i 


< 1 


C 




1 1 nfi'y 1 ^OQ /I 


M(^(^ QC1 A 
INLiO OOlD 


Ol 
bi 


Q Ol _L n nn 
o.zi ±: U.uy 


1 m _u n nn 

i.yi ± U.uy 


n nn oo 
U.UUoo 




/I Q n/i 
4o.U4 


/iQ n/1 
4o.U4 


< i 


Q 



1 1 Q /I n 1 £!n /I A 
iio4yH-Dy44 


A TTD Tf^ 1 on 


rJL 


n /I o _L n nc 
U.4z ± U.Uo 


n nc _L n n7 
-U.Uo ± U.Ur 


n n/i cn 
U.U4oU 




/I Q OA 

4o.o4 


/I Q OA 

4o.o4 


< 1 


z 


1 1 QnQ Q'VA C 

iioyo— o / 4o 


InLtL/ o/oo 


O 1 

bi 


A ni _!_ n 1 o 
4.yi dz U.iz 


o no _!_ n 1 o 
z.yo dz U.io 


n nnn7 

u.uuy * 




AO QI 

4o.oi 


AO QI 

4o.oi 


< i 


Q 



11/117 1 cm n 


CTUC! IIQi^ 1 cn/1 
boo iioD+oy4 


O 1 

bi 


n /I o _!_ n n7 
U.4z dz U.U / 


n on _!_ n no 
U.zU dz U.Uo 


n ncnn 
U.UdUU 




A 00 

4o.oz 


A QO 

4o.oz 


^ T 
< / 


i 


lie Tf\ 1 C C 1 /i 


'wc^c^ onno 

incjO oyyo 


T T A IVT 


n /I o _i_ n no 
U.4o ± U.Uo 


n n7 _i_ n nn 

U.U/ ± U.uy 


n nno c 
U.UUoo 


Ol c 
Zi.D 


/II C /I 

41. d4 


/II C /I 

41. d4 


< 1 


Q 



1 OnQO 1 A AO A 

lzUoz-|-44z4 


M(^r^ /inci 
IN'otO 4Uol 


IVTT Ol 

IN Lib i 


1 Ac\ -L, n n7 
i.4y dz U.U/ 


n 7Q 1 n 1 n 
U. /o zt U.iU 


n nnoQ 
U.UUzo 


1 7 n 
i / .U 


/10 n/i 

4Z.\J4: 


/lo n/1 
4Z.U4 


< i 


Q 



1 oi nt; 1 QnoT 

iziub-hoyz ( 


■\T/^/~1 /I 1 CI 

INLtO 4i0i 


Ol 
bi 


n /1 7 J_ n in 
y.4 ( U.iU 


C QQ J_ n 1 o 
D.oo dz U.iz 


n nnQQ 
U.UUoo 


on Q 
zU.o 


A no 
4o.Uo 


AO 1 T 

4o.i / 


Q _L n Q 

O.Z zt u.o 


z 


1 oi /i 1 1 /i 07 
lziD4+i4z / 


lzil+14o 


■\TT Ol 

INLbi 


n t?n _i_ n nn 

u.du ± U.uy 


n oo _i_ nil 
U.ZO ± U.ii 


n noi n 
U.UoiU 




/I A 00 

44. zz 


/I /I 00 

44. zz 


< 1 







1 oi nn 1 /1 71 c 


KTr^r^ /10CQ 
InOO 4zoo 


oo 

bz 


n Ol _!_ n n7 
U.oi di U.U / 


n CI _!_ n in 
U.oi dz U.iU 


n nni c 
U.UUiO 


c o 
D.o 


/II n/i 
4i.U4 


A1 11 

4i.ii 


7 n -1- 1 n 
( .U zt i.U 


c 



izzuoH- / ouy 


A/T'DT/' one 

iVirtrv zUD 


Ol 
bi 


n Q7 _L n nc 
U.o/ ± U.Uo 


n 1 c _L n no 
U.io ± U.Uo 


n n7nn 
U.U/UU 




AO QQ 

4o.oo 


/IQ QQ 

4o.oo 


< i 


Q 



1 oot;n 1 1 0/1 Q 
izzDUH-lz4o 


INCjU 4ooo 


Oo 

bz 


/I Q/1 _L n 1 n 
4.o4 ± U.iU 


o CO _L n 1 n 
z.oz ± U.iU 


n nriQA 
U.UUo4 


ICQ 

io.o 


AO CC 

4Z.OO 


AO no 
4z.yo 


4U ± iU 


7 
1 


iZZoo-huZUU 


oL/ z / o 




0. io u.io 


4.zy dz U.iz 


n 1 cnn 
U.iOUU 




4o.y5 


A ^ QQ 

40. yo 


^ 1 
< i 






1 OQ C 1 Qn/1 Q 

izooi — oy4o 


KT/^r^ /icn7 
InOO 4oU/ 


oo 

bz 


n on 1 nil 
U.zy dz U.ii 


n C7 _!_ n 1 o 
U.O / dz U.io 


n ni on 
U.UizU 




AO 70 

4z. / Z 


AO nc 
4o.UD 


CQ 7 _L 1 C 

00. / ± i.o 


Z 


1 0/1 no nc 1 
iz4Uo — UoiD 


INLiU 4oyo 


Ol 
bi 


1 nc 1 n 1 7 
i.Uo di U.i i 


n CO 1 n 1 n 
U.OZ dz U.iy 


n nnnn 

U.uuy U 




/IO C7 

4z.O/ 


AO C7 

4Z.0 / 


< i 


Q 



izooo— ZOOO 


(^T^Q AA1 O OO^^ 
O ± o IVliZ.ZZ 


Ol 
bi 


U.40 ± U.uy 


n Ol -1- n 1 1 
U.Zi ± u.ii 


U.UOoU 




/I Q QO 

4o.5z 


/IQ QO 

4o.oZ 


< io 


1 
i 


ioc;fic; ncQ7 
izooo— Uoo t 


oL/ z / y 


RT 
IDIj 


U. / / ±: U.ii 


U.4o ± U.iO 


n C/inn 
U.04UU 




Afi 0^ 
40. zO 


ot^ 
40. ZO 


^ 1 
< i 


Q 



1 Qn7Q ACiOa 

ioU o — 4yzo 


INOL/ 4y4o 


Oo 

bz 


n Qi 1 n 1 n 
U.oi d= U.iU 


n QI 1 nil 
U.oi dz U.ii 


n nni n 

u.uuiy 


c o 
O.Z 


/in no 
4U.yz 


A 1 CC 

4i.00 


oon 
zzU 


Q 



1 ono c /ini o 


n^c V ^ QOQ /^n77b 


O 1 

bl 


noi _i_ n 1 o 
U.oi ± U.iz 


n /I c _i_ n 1 /I 
U.4d ± U.14 


n ni cn 
U.UioU 




A OC 

4Z.OD 


/1 01 
4o.zi 


c c _i_ 00 
00 ± 66 


1 
1 


1 QOCQ A QnO 

lozoo— 4oUz 


Oen A 


INL/ixLt 


1 Q nn 1 n 1 7 
io.UU dz U.i / 


n CO 1 n 1 o 
y.oz dz U.io 


n nni o 
U.UUio 


A n 

4.y 


AO nn 
4z.UU 


/lO 1 1 

4z.ii 


11 n _L 1 n 
ii.U zt i.U 


z 


1 QQ 1 o ocno 
iooiz— zoUz 


T? o cnn Onoo 


Ol 

bi 


n oc _L n nc 
U.ZO ± U.Uo 


n 1 c _L n n7 
U.io ± U.Uf 


n nocn 
U.UzoU 




A nn 

4z.yu 


A nn 

4z.yu 


7/" ^ on^ 
7(< zUj 


-1 

1 


1QQC/1 Q/11/1 

iooo4— o4i4 


A/T/^(^ a. Qn 1 c 


O 1 

bi 


Q no _!_ n n7 
o.Uo dz U.U / 


1 cc _!_ n n7 
i.OO dz U.U / 


n nn77 
U.UU/ * 




AO on 
4z.oy 


A on 
4z.oy 


< i 


n 

y 


1 Q /I on 1 /I QO 

io4zU — i4oz 


■\Tr>A/Tir^ 1/1 ncio 
iNJr^MiLj — i4.Uoiz 


1\TT O 1 
iNL/bi 


n /1 7 _!_ n no 
U.4 / dz U.Uo 


n oc _!_ n 1 n 
U.ZD dz U.iU 


n n/1 on 
U.U4zU 




/I Q C7 

4o.O / 


AO C7 

4o.O / 


< i 


i 


1 Q /i no onon 
io4yz — oUzU 


T/^ /I oon A 
lO 4ozyA 


Ol 

bi 


7 on _i_ n no 
/ .oU ± U.Uo 


A o 1 _i_ n no 
4.zi ± U.Uo 


n m cn 
U.UlbU 




AO ni 


/I ni 
4o.yi 


< 1 


y 


1 Q CQn I ani a 

lOOoU+DyiD 


A/T'DT/' 07n 

iVirtrv Z / y 


Ol 
bi 


o 1 /I j_ n n7 
z.i4 ± U.U/ 


1 r\A _i_ n no 
i.U4 zt U.Uo 


n noi n 
U.UoiU 




AO C\A 

4o.y4 


AO a A 

4o.y4 


< i 


Q 




1 Q C70 An'\ A 

loo /o— 4zi4 


"DTy C 1 QC C /II 

FKb looo— 41 




n Qn _L n no 
U.oy ± U.Uo 


n on _L n 1 n 
U.zy ± U.iU 


n QI nn 
U.oiUU 




/I C /l 

4o.4z 


/I C AO 

4o.4z 


QI /" ^ C7^ 

oi(< o7j 


-1 

1 


14132-0311 


NGC 5506 


S2 


6.90 + 0.14 


3.72 + 0.14 


0.0062 




43.06 


43.09 


2.6 + 0.2 


2 


14176-4910 


PKS 1416-49^ 


RG 


0.53 + 0.10 


0.28 + 0.13 


0.0920 




44.33 


44.33 


4(< 17) 


1 


14181+2514 


NGC 5548 


SI 


3.58 + 0.14 


2.04 + 0.14 


0.0170 




43.65 


43.66 


< 1 


3 


14194-2606 


ESO 511-G030 


SI 


1.11 + 0.09 


0.71 ± 0.09 


0.0220 




43.39 


43.39 


< 1 


3 


14278+4240 


H 1426+428 


BL 


1.17 + 0.09 


0.55 + 0.12 


0.1300 




44.98 


44.98 


< 1 


3 


15042+1046 


MRK 841 


SI 


0.95 + 0.14 


0.32 + 0.17 


0.0360 




43.67 


43.67 


< 1 


3 



4 

Table 1. -continued 



Sazonov & Revnivtsev: Statistical properties of local AGNs 



XSS object Common name CIass'= 3-8 keV* 8-20 keV* ~z IT logLg-zo' iVn^ Rrf^ 



i 79000 








1 






1 




Tvlpc 


erg 








lOlZo — UoOo 




RT 


u.oy zt u 


iO 


U 


Pil -1- 
01 zt U 


90 
ZU 


U.oOUU 




/I p; 7ft 

40. i 


/I Pi 7ft 
40. ( 


<^ 1 


q 





A/TRT^ 9Q0 
iviixiv zyu 




U.OO u 


Oft 
Uo 


U 


1 zt U 


OQ 

uy 


0*^00 
U.UOUU 




A'i A'i 


A'i A'i 
40.40 


<^ 1 


q 



1 Pi/17S^ 1 
10^ i o~ lOOU 


iNvivy oyyo 




l.UD ni U 


1 ^ 
10 


n 
U 


ACi -\~ C\ 
It U 


1 7 
1 ( 


09P^0 
U.UZOU 




A'i 41 

4:0.^1 


/l^ /1 1 

4:0.4:1 


<^ 1 


1 1 
1 1 


IDZOo-rOZUl 


ciRt; 1 fi9/i_Lc;i 
O-Do loz'i-roi'y: 


RT T)C^ 


n 9c; -1- n 

U.ZO zt u 


07 
U i 


n 
U 


90-1-0 
ZU zt U 


OS 
Uo 


1 SOO 
U.loUU 




AA 70 
44. ( U 


/I /I 70 

44. ( U 


<^ 1 


1 
1 


iDOoO-royoi 


A/TRK" f^OI 

iVlIXlV OUl 


RT 


Q /17 _|_ n 

y .■^ ( zt u 


1 ^ 
10 





90-1-0 
ZU zt U 


1 p; 
10 


U.UOOU 




AA f\f< 

4:4:. DO 


AA fifi 

4:4:.OU 


<^ 1 


q 





NPP (^^00 

INvjvy UOUU 




f) 4Pi -1- n 

U.4:lJ ZIZ U 


1 1 

1 1 


n 
u 


Pi 9 -1- 
oz zt u 


1 Pi 
10 


00*^7 

U.UUO ( 


1 4 'X 

14:. 


41 fi9 
4:1 .UZ 


41 ft'^ 
4:1 .00 


9c 9 _|_ 1 n 
zo.z zt 1 .u 


9 


1 7979u_Pin9Pi 


T 7w 1 87 

1 Zj W lo 1 


RT 


n fin -1- 

U.OU zt u 


1 9 
IZ 


n 
u 


00 zt u 


1 Pi 
10 


OPiPio 

U.UOOU 




A'i Q*^ 

40. yo 


/l^ Q^ 

40. yo 


<^ 1 


9 
z 


1797*^ 1 "^PIQ 


PFi*^ /l^if^ 

X^UO "4:00 




u.oy zt u 


1 1 

1 1 


n 
u 


17-1-0 
1 / zt U 


1 Pi 
10 


1 ftOO 
U.loUU 




AA Q'A. 

44. yo 


AA Q^ 

44. yo 


<^ 1 


1 9 
IZ 


1 741 ^-Ll S^Pil 


AC -Ul f^l 


T?T O 


1 cfi _|_ n 

l.OU ZIZ u 


1 Q 

ly 


n 
u 


UU zt u 


9Pi 

ZO 


1 QOO 
u. lyuu 




4Pi 4P1 

4:0.4:0 


4Pi 4Pi 

4:0.4:0 


4 fi 

\ 4:.U 


1 

1 


loiyo-rO^o^ 


W 1 Si91 -Lfi/I^ 
1 1 iozi-rij4:0 




u.yi zt u 


1 'X 
10 


u 


99-1-0 
zz zt u 


1 

lU 


"^000 

u.ouuu 




/I Pi fiO 
40. DU 


/I Pi fil 

40.01 


<^ 1 


q 





C)\y ooZ 


RT TiP 


9 9Q -1- 
z.zy zt u 


1 A 


1 
1 


AC\ -\- 
^U zt U 


1 R 
lU 


OPiQO 

u.uoyu 




/1/1 Pift 
44. Oo 


AA Pift 
44. Oo 


<^ 1 


9 
z 


loouz — oy lo 


1^ cLli (ill 4:y 




1 nn _|_ n 
i.uu zt u 


UU 


n 
u 


OU zt u 


07 

U i 


0900 
u.uzuu 




4"^ 90 

4:0. ZU 


d'i 94 

4:0. Z4: 


4 9 _|_ n c 

4:.Z Zt U.O 


9 


loO ( u — UUl 1 


F^O 1 0*^ PO'^'^ 




1 9Q _l_ n 

1 .ZiO zt u 


07 

U i 


n 
u 


QQ -1- 
yy zt u 


OQ 
uy 


01 '^0 
u.uiou 




4*^ 1 9 

4:0. IZ 


4'^ '^'^ 
4:0.00 


97 1 -1- n fi 
z / . 1 zt U.U 


9 


1 S/10S-L7Q/17 


oVj oyu.o 


RT T)C^ 


1 P,7 -\- 
1.0 ( zt U 


1 
lU 


u 


Q7 -1- 
y ( zt u 


1 

lU 


OPifiO 

U.UOOU 




AA 'A.Q 

44. oy 


AA 'iQ 


<^ 1 


q 



1 S44Q f^904 
ioi4:y — UZU1 


P^O 140 ^04*^ 

rjvj\J 14:U- vjrU4:0 


1 


u. 1 zt u 


1 9 
iz 


n 
u 


00 zt u 


1 4 

14: 


01 40 

U.U14:U 




49 7Q 
4:Z. ( y 


49 7Q 
4:Z . ( y 


\. 1 


1 ^ 
10 


1S^/1Q/1 7S9Q 
lo^y^ — ( oZy 


11 lo^O — / oD 


til 


1.10 zt U 


1 
lU 


U 


p;8 -1- 

Oo zt u 


1 9 

IZ 


07/10 
U.U / -lU 




AA /Ifi 

4:4:.^U 


AA /Ifi 

^^.4:0 


<^ 1 


q 



1 Q9n9 p;s/iQ 
lyzuz — oo^y 


FQO 1/11 PO'^Pi 


til 


1 00 _|_ n 
l.Oo zt U 


1 'X 
10 


n 
u 


so -1- 
oU zt U 


1 

ID 


O'^fiO 
U.UOOU 




A'i Q1 

40. yi 


A'^ Q1 

40. yi 


<^ 1 


q 



iy<jyz -ruouo 


i-C-fO lyoyn^uou 


RT 


4 11-1-0 

4:. 1 1 Zt U 


1 1 

1 1 


1 
1 


11-1-0 
1 1 zt u 


1 

10 


0470 

U.U4: ( U 




44 Pi9 

4:4:. oz 


44 Pi'^ 

4: 4:. 00 


\ 1 


9 


ZUUoO — ^ooo 


i ivo zuuo — 'loy 


RT 


Q1 _|_ n 
o.ol zt U 


1 s 
lo 


9 
z 


UU zt U 


1 S 

lo 


071 
U.U ( lU 




AA QQ 

4:4:. yy 


AA QQ 


<^ 1 


9 
z 


ZU'4:U'4:-r ( OZl 


'ivy -r * 'yi.zo 


T?T D 


1 no -4- 
i.uy zt u 


1 'X 
10 


n 
u 


fi/1 -1- 
U"^ zt U 


1 7 
1 ( 


1 000 
U.IUUU 




AA 

44. ( 


AA 7*^ 
44. ( 


<^ 1 


q 



90441 1049 

ZU4:4:1 


MRK" ^OQ 


1 


q 1 q _|_ n 
0.10 m u 


98 

ZO 


1 
1 


Uo ZU u 


9S 

ZO 


0*^40 

U.U04:U 




44 90 

4:4:. ZU 


44 90 

4:4:.ZU 


\. 1 


9 


90^.01 p;fi/ifi 


Iv^ OUOo 


tl9 


n 71 -1- n 

U. ( 1 zt u 


1 'X 
10 


n 
u 


DD It U 


1 fi 
ID 


0110 
U.UllU 




/I 9 77 

4Z. ( ( 


/l*^ 01 

40. Ul 


qi c: _l_ 1 « 
01.0 zt l.U 


9 
z 


91 1 9fiJ_Sii91 
Zl iZo-roZ lU 


Qp; 91 1 fij-Si 

OO ZllD-roi 


RT TJP 


n A7 -\- 
yj.'it zt u 


1 9 
IZ 


n 
u 


qc _J_ n 
00 zt U 


1 fi 
ID 


Oft/10 
U.Uo^U 




AA 9Pi 


AA 9Pi 


<^ 1 


1 

1 


zioiu — uz ly 


TRA^ ^91*^9^; ^19*^7 

llXiT-O 1^ Z,±OjliO — UZO 1 


1 


n CI _|_ n 
u.oi zt u 


1 

lU 


n 
u 


1 S -1- 
lo zt U 


1 9 

IZ 


OPiQO 
u.uoyu 




4*^ ftpi 

4:0. 00 


A.'^ ftPi 

4:0.00 


\. 10 


1 

1 


91 ^9i/X "^00/1 
ZlOoo — oUU^ 


i IVo ZlOO — oU'i 


RT 


c fi/l 4- 
0.U4 zt U 


9*^ 
ZO 


9 
z 


07 -1- 
U ( zt U 


1 A 
1^ 


1 900 

u.izuu 




/I p; pi9 

40. oz 


/I Pi pi9 

40. oz 


<^ 1 


q 



9901"^ '^1/17 

ZZUlO~ol^/ 


IVPP 7179 
IN V I V. / 1 / Z 


c;9 


1 1 Q _j_ n 
1.1(5 zt U 


1 7 
1 ( 


n 
u 


on -4- 
oU It U 


90 
ZU 


OOftfi 
U.UUoO 




/19 fiPi 
4Z.D0 


/19 7fi 
4Z. ( 


1 9 fi -1- 7 

IZ.O zt U. i 


9 
z 


9909'^4-499fi 




RT 


r\ an -I- n 
u.uz zt u 


OQ 
uy 


n 
u 


"^7 -1- 
( zt U 


1 9 
iz 


u.uuyu 




44 1 Pi 

4:4:. 10 


44 1 Pi 

4:4:. 10 


\. 1 


q 



990Si9 /1 70S 
zzuoz — ^ / Uo 


TsJPP 791 ^ 

IMVjr',^ (ZlO 


ox 


1 1 q _l_ n 
1. 10 zt U 


1 (\ 

ID 


U 


p;7 -1- 

/ zt U 


1 Q 

ly 


OOfiO 

u.uuou 




/I 9 99 
4:Z.ZZ 


AO 99 


<^ 1 


q 



99*^5^^^ 9fi01 
ZZoOO — ZUUl 


IVPP 7^14 


oz 


Z . ID zt U 


90 
ZU 


1 
1 


91-1-0 
Zl zt u 


9P. 
ZO 


00/17 
U.UU-l ( 


1 ft 

lo.O 


/1 9 9ft 

4:Z.ZO 


AO 9ft 
^Z .ZO 


<^ 1 


q 



ZZoDo — IZoU 


iViixiv yio 


ol 


n 70 -1- n 
U. ( y zt U 


1 7 
1 i 


U 


Ol zt U 


Zl 


U.Uz4U 




4:0. OZ 




y(< zzj 


1 
1 


22423+2958 


AKN 564 


NLSl 


1.13 + 


14 





35 + 


14 


0.0250 




43.41 


43.42 


< 1 


3 


22539-1735 


MR 2251-178 


RQQ 


2.10 + 


20 


1 


37 + 


20 


0.0640 




44.63 


44.63 


< 1 


12 


23033+0858 


NGC 7469 


SI 


1.70 + 


20 





91 + 


10 


0.0160 




43.27 


43.27 


< 1 


3 


23040-0834 


MRK 926 


SI 


1.61 + 


17 


1 


06 + 


21 


0.0470 




44.23 


44.23 


< 1 


3 


23073+0447 


PG 2304+042 


SI 


0.55 + 


10 





36 + 


12 


0.0420 




43.67 


43.67 


12(< 26) 


1 


23178-4236 


NGC 7582 


S2 


0.58 + 


16 





41 + 


16 


0.0530 




43.95 


44.07 


14.8 + 1.2 


2 


15103-2042 


IRAS 15091-2107 


NLSl 


0.61 + 


10 





07 + 


12 


0.0450 




43.60 


43.60 


< 1 


10 



Previous X-ray detection only below 2 keV in the ROSAT All-Sky S urvey. 
Previous X-ray detection only marginally by HEAO-1/A2 (dcUa Ccc a et al.lll990h . 

RQQ - radio-quite quasar, RLQ - radio-loud quasar, BL - blasar (BL Lac object or flat-spectrum radio quasar), SI - Seyfert 
1 galaxy (types 1, 1.2 and 1.5), NLSl - narrow-line Seyfert 1 galaxy, S2 - Seyfert 2 galaxy (types 1.8, 1.9 and 2), RG - radio 
galaxy, BLRG - broad-line radio galaxy, NLRG - narrow-line radio galaxy, LLAGN - low luminosity AGN. 
^ Errors are la statistical uncertainties. 

If no value is given, then the distance is calculated from the redshift 
^ Left and right columns give the observed and intrinsic luminosities in the 3-20 keV band, respectively. 

^ Errors are Icr statistical uncertainties, upper limits are Icr if based on the XSS hardness ratio and more conservative in other 
cases. 

^ Quoted A^H value is estimated or adop ted from: (1) XSS catalog (Paper 1); (2) RXTE/P CA pointing observations; (3) 
TA RTARUS/ASCA data base: (4) iTurner fc Po unds lOsj; (5) IWolter et al. 1993 (6) lYoung fc Wilson .2004: (71 Risaliti 2003 : 
f8) iMatt et ai]l200d: r94Revnoldjll997l : (10) lAwaki etalJ [19911 : fill ASCA public data: (121 iReeves fc TurneilT200ol: (13) 
iGhosh i^omid'araraiapenmiall^992L 



on the spectrum is expected to be small (typically less 
than 25% of the flux density a t photon energies from 3- 
20 ke V) for iVn < lO^^ cm'^ llYaaoohlll997riMatt et all 
and further tends to be counteracted by the pres- 



ence of a refl ected spectral component ( Matt et'al]l200(i 
iRisalitillioO^ neglected here. 

For all of our identified or candidate (see i)2.2|l AGNs, 
the absorption column can be estimated to a first approx- 
imation from the ratio of the measured count rates in the 
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Fig. 1. Distribution in redshift and luminosity of 95 
known AGNs detected in the RXTE slew survey, includ- 
ing 77 emission-line AGNs (solid circles) and 18 blazars 
(open squares). 



8-20 keV and 3-8 keV bands, assuming a F = 1.8 power- 
law intrinsic spectrum and taking into account the source 
redshift (if known). The above spectral slope is typical 
for Seyfert gala xies and quasar s, as is known from previ- 
ous studies (e.g. lR,evnoldjll997|) and also follows from our 
own analysis of pointed RXTE observations. Since NLSl 
galaxies typically hav e somewhat so fter (F « 2.2) and un- 
absorbed spectra fe.g. lLeighlvlll999l) . the above procedure 
is expected to give the correct result (iVn — 0) also for 
objects of this type. In this work, we do not distinguish 
column densities below 10^^ cm~^, and therefore possible 
source-to-source variations of the order of 0.2 in the intrin- 
sic power-law index should have no effect on our results. 
Interstellar absorption is similarly unimportant, since the 
XSS sources are located at |&| > 10°. 

For most of the identified AGNs, we have been able 
to improve the above crude estimate of the absorption 
column either by analysing the spectral data of rele- 
vant pointed RXTE observations, or adopting iVn val- 
ues from the TARTARUS/ASCA database or the liter- 
ature. Data of RXTE/PCA pointed observations were re- 
duced using the FTOOLS/LHEASOFT 5.3 package. The 
spectral modelling was done with XSPEC. AGN spectra 
were fitted by a simplistic model consisting of a power- 
law component photoabsorbed by a column of neutral 
material and a fluorescent neutral iron emission line at 
energy 6.4 keV, if the latter was required by the fit [model 
zphabs * (power + gaus) in XSPEC]. For almost all the 



Fig. 2. Comparison of the absorption columns estimated 
from the XSS 8-20 keV/3-8 keV count rate ratio, assum- 
ing a F = 1.8 power-law intrinsic spectrum, with those de- 
rived through spectral analaysis of RXTE/PCA pointed 
observations for Seyfert 2 galaxies with a significant XSS 
detection of neutral absorption. The error bars are la sta- 
tistical uncertainties. 

absorbed AGNs, the spectral fitting yielded values of the 
photon index F « 1.8, ex cept in the well-known cas e of 
NGC 4151 (F w 1.4) fsee lSchurch WarwicklEio3 and 
references therein). The obtained A^h values were then 
compared with those estimated from the XSS catalog. 
The result of this comparison (Fig|2Jl demonstrates that 
the photoabsorption column density can be robustly es- 
timated from the XSS hardness ratio. We note that sys- 
tematic uncertainties of the RXTE/PCA energy response 
do not allow one to measure absorption columns with an 
accuracy better than (0.5 — 1) x 10^^ cm"-^. 

In Fig. 121 we show the observed distribution of our non- 
blazar AGNs in N-a. In obtaining this plot, we adopted 
A^H = in the 11 cases where only an upper limit exceed- 
ing 10^^ cm^^ is available. This is a reasonable assump- 
tion because all these sources are optically classified as 
type 1 AGNs. One can see that most of the sources in the 
sample have A^h < lO'^^ cm^^. However, the remaining 
18 AGNs provide us with enough information to recon- 
struct the physical Nn distribution of AGNs (see fJ^J. As 
expected, almost all of our AGNs with A'h > lO'^^ cm^^ 
are optically classified as Seyfert 2 galaxies. One excep- 
tion is NGC 4151, a well-known Seyfert 1 galaxy. We 
here point out another possible one - ESO 323-G077. 
Should our crude estimate (based on the hardness ratio) 
iVn = (6 ± 3) X 10^^ cm~^ be confirmed by future X- 
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Assuming that the unidentified sources are AGNs and 
that their intrinsic spectrum is a power law with F = 1.8, 
we can estimate intrinsic absorption column densities for 
them from the measured hardness ratios, exactly as we did 
before for the known AGNs. Since the candidate AGNs be- 
long to the faint tail of the XSS catalog, their estimated 
aborption columns have large associated statistical uncer- 
tainties SNu, in fact in many cases only an upper limit can 
be given (see Table EJ- We have therefore built two dif- 
ferent A^H distributions, one by adopting A^h = in those 
cases where Nh < SNh, and another by using the best- 
fit A^H values in all cases. The true distribution likely lies 
between these two approximations. As shown in Fig. 13 if 
the unidentified sources are AGNs, they are similarly or 
somewhat more absorbed on average than our identified 
AGNs. We shall return to this point in ^3 We point out 
that in the above analysis we assumed that z = for the 
unidentified sources, therefore the inferred column densi- 
ties may be somewhat underestimated. 



2.3. Unresolved sources 



Fig. 3. Upper panel: Observed distribution in intrinsic 
absorption column density (A'^h) of emission- line AGNs in 
our sample. Lower panel: Estimated A'h distribution of 
the unidentified XSS sources, AGN candidates. Two differ- 
ent histograms are presented, one computed by adopting 
A^H = in those cases where the measured A^h value is 
smaller than the la statistical uncertainty, and the other 
computed using the best-fit Ah values, regardless of their 
errors. 



Our AGN sample may be additionally incomplete due to 
the presence in the XSS catalog of 12 sources associated 
with 2 or 3 unresolved astronomical objects including at 
least one AGN. Assuming that all sources in each of these 
groups contribute equally to the measured flux and apply- 
ing the 4cr detection criterion to the individual sources, 
we estimate that about 5 detectable AGNs are probably 
missing due to this manifestation of source confusion. 



ray spectroscopic observations, this source will present a 
unique example of a Seyfert 1 galaxy with a heavily ab- 
sorbed X-ray spectrum. We note that our identification of 
this source in Paper 1 was based on its optical brightness 
(my = 13.2 mag) and the suggestion by Schmid ct al. 
1)2003(1 ■ motivated by spectropolarimetry of the object, 
that ESO 323-G077 may be a transition case between 
Seyfert 1 and Seyfert 2 galaxies due to its orientation. 

2.2. Unidentified sources 

There are 35 sources in the XSS catalog that remain 
unidentified (Table EJ. We argued in Paper 1 that a large, 
probably dominant fraction of these sources are previously 
unknown AGNs. The main argument was that the distri- 
bution of their effective 3-20 keV spectral slopes is simi- 
lar to that of the identified AGNs in the catalog. Being of 
great interest and waiting for identification, the unidenti- 
fied sources present the largest source of incompleteness 
for the present statistical study. We note that a negligibly 
small number (4) of the unidentified sources have mea- 
sured count rates falling below the 4(Tconf confusion limit 
described above. 



2.4. Sample completeness 

It follows from the preceeding discussion that our input 
sample of 95 AGNs probably misses up to w 41 AGNs 
(including 4G -1-21.55 with unknown redshift) meeting the 
XSS detection criterion, mostly as a result of the incom- 
plete identification of the catalog. We can make allowance 
for this fact in the subsequent analysis (particularly when 
reconstructing the AGN luminosity function in 21) by in- 
troducing a completeness factor of 95/136 « 70%, assum- 
ing that the luminosity distribution of unidentified AGNs 
is similar to that of the identified ones. The above value 
should be considered a lower limit because some of the 
unidentified sources are probably not AGNs. We may fur- 
ther introduce similar coefficients (lower limits) for the 
northern and southern hemispheres: 45/ (45-1-4-1-3) « 87% 
and 50/(50 + 31 3) « 60%. Our AGN sample is thus 
highly complete in the northern sky, and we shall take 
advantage of this fact later in the paper. Furthemore, our 
knowledge of the sample completeness is not limited by the 
above coefficients, in fact the crude information available 
on the X-ray spectra of the unidentified sources is utilized 
below in the investigation of the absorption distribution 
of AGNs. 
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2.5. Comparison with the Piccinotti sample 

Our AGN sample includes 28 of the 35 sources com- 
posing the well-know n HEA0-1/ A2 sample of AGNs 
ijPiccinotti et all Il982t iMalizia et al. 1999), based on a 
complete survey of the |5| > 20° sky down to a limit- 
ing flux of 3.1 X 10"" erg cm'^ in the 2-10 keV 
band. This degree of overlap of the two catalogs is con- 
sistent with our survey being more sensitive (for 90% of 
the sky at \b\ > 10° an equivalent 2-10 keV sensitivity of 
2 X 10"^^ erg cm^^ s^^ or better is achieved) combined 
with the fact that AGNs are known to be variable by a 
factor ~ 2 on a time scale of years. 

3. Distribution of AGNs in intrinsic absorption 
column density 

We now utilize the AGN sample defined in the preceed- 
ing section to study the distribution of local AGNs in in- 



trinsic absorption column density, /(TVh)- To this end, we 
employ the maximum likelihood technique, as described 
below. We note that calculations using the 1/V^n method 
lead to very similar results, but the maximum likelihood 
method allows us to estimate the errors of the output pa- 
rameters more reliably, given the relatively small number 
of absorbed AGNs in our sample. 

Assumiiig that /(-/Vh) is independent of the intrinsic 
AGN luminosity, we model /(A'h) in the range A^h < 
lO'^^ cm~^ by a step-function 

/(Ah) = /. if N^:^ < Ah < A^f, (1) 

where i = 1...5, Af^ = 0, 10^2, lO^^-S, 10^3, lO^^-S cm^^ 
and Af = 10^2, 1022-^ 1023, 1023-5, 1024 cm-2. By def- 
inition, fi — sind therefore any 4 out of the 5 /s 
may be chosen as the free parameters. 
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Fig. 4. Relative volume of space probed by the RXTE 
slew survey with respect to AGNs of given intrinsic (un- 
absorbed) luminosity with a F = 1.8 power-law intrinsic 
spectrum as a function of absorption column density. The 
solid and dashed lines correspond to the 3-20 keV and 
8-20 keV bands, respectively. 

We find the best-fit model by minimizing the maxi- 
mum likelihood estimator, defined as follows: 

_2\^ In / i^HjWm (^3-20,int J- , ^^H j ) 

where j goes through each AGN in an input sample, and 
-20.intj"j A^h) is the space volume over which the 
jth AGN with its intrinsic luminosity i3_2o,int could be 
detected by the survey if its spectrum were a F = 1.8 
power law absorbed by gas column A^h- The integration 
in equation ^ is carried out from A^h = to 10^'* cm^^. 

The relative survey volume, computed from the 
RXTE/PCA energy response and XSS exposure map (see 
Fig. 1-Fig. 3 in Paper 1), is shown as a function of A^h 
in Fig. 0] One can see that V^^ begins to decrease no- 
ticeably above A^h — 10^^ cm~^ and drops 15 times by 
10^'' cm~^, as the low-energy cutoff in the X-ray spectrum 
reaches ~ 10 keV. This causes the paucity of Compton 
thick sources in our catalog. Also shown in Fig. 01 is a 
similar plot obtained for the hard (8-20 keV) subband, 
where the survey sensitivity is less affected by intrinsic 
absorption. We shall use the latter dependence in M.4I 

The parameter errors are estimated using a standard 
procedure: for each of the 4 fitted fi, la lower and up- 
per limits are derived that correspond to an increase of L 
by 1 from its minimum value while the other parameters 



Fig. 5. Physical distribution in absorption column den- 
sity of Compton-thin emission-line AGNs inferred from 
the XSS AGN sample. The error bars in this and subse- 
quent figures represent la statistical uncertainties. 



are adjusted to minimize L. The confidence region for the 
5th (not used in the fitting) is obtained by repeating 
the procedure, considering this fraction a free parameter 
instead of one of the others. 

Performing an analysis along the above lines for our 
sample of 77 emission-line AGNs we obtain the A'h distri- 
bution shown in Fig.gl We find that 57±8% of AGNs with 
A^H < 10^^ cm~^ are unabsorbed (A^h < 10^^ cm~^) and 
also that more absorbed (10^^ cm^^ < A^h < lO^'' cm^^) 
sources are 4.lt^ g times as abundant as less absorbed 
(10^^ cm^2 < A^H < 10^^ cm^2) ones. 

It is important to assess the effect of incompleteness 
of our AGN sample on the above result. As a first test, 
we compare in Fig. |^ the A^h distributions inferred from 
the northern and southern subsamples. These distribu- 
tions arc apparently similar and consistent with that ob- 
tained for the whole sample (Fig. EJ, and we recall that 
our AGN sample is highly complete in the northern hemi- 
sphere. As a further test, we can build a A'h distribution 
for our unidentified sources by assuming that all of them 
are AGNs with an intrinsic F = 1.8 power-law spectrum. 
By adopting that A'h = if A^h < '^A'h and alternatively 
using the A^h values given in TableElin all cases, we obtain 
two distributions, shown in Fig. El that likely bound the 
true one. This distribution is also not significantly differ- 
ent from that derived for the known AGNs. We conclude 
that the effect of incompleteness on the distribution shown 
in Fig. is small. 
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Fig. 6. Upper panel: AGN absorption column density 
distribution inferred from the northern (filled circles) and 
southern (open circles) subsamples of identified AGNs. 
Lower panel: A'^h distribution estimated for the uniden- 
tified XSS sources, assuming that they are AGNs. One 
estimate (filled circles) is obtained by adopting A^h = in 
those cases where the measured A'h value is smaller than 
the la statistical uncertainty, another one (open circles) 
is based on the measured A^h values. The different sets of 
data points are slightly shifted relative to each other long 
the horizontal axis for better visibility. 



3.1. Luminosity dependence 

We now wish to investigate whether the A^h distribution 
depends on luminosity. To this end, we repeat the above 
analysis separately for non-blazar AGNs with intrinsic lu- 
minosity L3_20,int below and above lO'''^'^ erg s~^. The 
dividing luminosity is chosen such that the two resulting 
subsamples contain similar numbers of sources (37 and 
40), which maximizes the statistical quality of the anal- 
ysis. We obtain drastically different absorption distribu- 
tions for the low-luminosity and high-luminosity subsam- 
ples, as shown in Fig. While two thirds of AGNs with 
^3-20, hit < 10''^-^ erg s~^ are absorbed (10^^ cm~^ < 
A^H < 10^^ cm~^), the corresponding fraction among 
those with i3-20,int > 10^^-^ erg s~^ is less than 20% 
(2(7 upper limit). We emphasize once again that we do 
not consider Compton thick sources. We also note that 
since the difference between observed and intrinsic lumi- 
nosity is fairly smaU, log(L3_2o,int/i3-2o) = 0.1 (0.5) for 
A^H = 10^"^ (lO^'') cm^^, the above result will essentially 



Fig. 7. Absorption column density distribution 
of emission-line AGNs with luminosity ^3-20 < 
10^3.5 gj.g g-i (giig^ circles) and ^3-20 > lO''^-^ 
(open circles). 



-20 
erg s~ 



We point out that the tight upper limit obtained 
above on the fraction of absorbed high-luminosity AGNs 
is linked to the fact that there is only one source (Seyfert 
2 galaxy NGG 7582) with L3-20,int > lO'*^'^ erg s'^ and 
A^H > 10^^ cm^^ in our sample. We recall however that 
we simply assumed A'h = for those 11 sources (all are 
optically type Is) for which only an upper limit on A^h 
exceeding 10^^ cm~^ is available from observations. Seven 
of these sources have i3_2o,int > lO''^-^ erg s~^. There is a 
non-negligible probability that 1 or 2 of these sources are 
absorbed with A^h > 10^^ cm~^. However, even then the 
fraction of absorbed AGNs with L3_2o,int > lO^'^'^ erg s~^ 
will remain small: 10 ± 8% and 14 ± 7%, respectively. 



not change if the division of sources at lO^'^'^ erg s ^ is 
done in terms of the observed luminosity. 



3.2. Comparison with other studies 

Until recently, our knowledge of the distribution of AGNs 
in intrinsic absorption was restricted to the local Universe 
and originated from optically selected samples. In particu- 
lar, it was known that Seyfert 2 galaxie s outnumber their 
Seyfert 1 counter parts by a factor of 4 I' Maiolino & Riekel 
il995i) . Also, .Risaliti et al.l (,1999) estimated the column 
density distribution of Seyfert 2s using a sample limited 
in the intensity of the [O iii] 5007 A narrow emission line 
taken as an indicator (after some correction) of the in- 
trinsic AGN flux. These authors concluded that Compton 
thick (A^H > cm~2) and Compton thin (A^h < 

10^^ cm~^) Seyfert 2s are approximately equally abun- 
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dant. Since only a small fraction of Seyfert Is exhibit ab- 
sorbed X-ray spectra, the above papers imply a 2:1 ratio of 
Compton thin absorbed (10^^ cm~^ < A^h < 10^** cm"^) 
to unabsorbed {N^ < 10^^ cm^^) AGNs. This is in good 
agreement with our result for low-luminosity (£3-20 < 
2^q43.5 gj-g g-i'j AGNs. However, our result for the ratio 
of strongly absorbed (10^^ cm~^ < A^h < 10^'' cm~^) to 
moderately absorbed (10^^ cm^^ < A^h < 10^'^ cm^^) low- 
luminosity AGNs of 4.1^j g differs from that of Risaliti 
et al. of 1.7 ± 0.7 (the errors are la), but not signif- 
icantly. Since the Risaliti et al. sample consists almost 
entirely of AGNs of low luminosity, the completely differ- 
ent A'h distribution that we infer for AGNs with £3-20 > 
-|^q43.5 gj-g g-i gould not be assessed on its basis. 

More recently, medium-sensitivity and deep X-ray sur- 
veys have begun to provide statistical information on the 
A^H distribution of AGNs. In particular, utilizing a sample 
constructed from several surveys performed in the stan- 
dard 2-10 keV band with HEAO-1, ASCA and Chandra, 
et all 1)200.11) came to the same conclusion that we 
reach here that the fraction of absorbed (Compton thin) 
AGNs decreases with luminosity. Furthermore, the frac- 
tion of absorbed sources among low-luminosity (£3-20 <^ 
10^3.5 gj.g g-i) AGNs found by these authors (w 60%) is in 
good agreement with our estimate (68 ±8%). On the other 
hand, their estimated value of ~ 30-40% for this fraction 
among higher-luminosity AGNs is only marginally con- 
sistent with our 2(7 upper limit of 20% (possibly 30% if 
1 or 2 of the 7 type 1 AGNs in our sample with upper 
limits on the column density have A'^h > 10^^ cm~^, see 
ti3.1|) . However, the results of Ueda et al. quoted above 
are obtained for a heterogeneous sample combining local 
and very distant AGNs (z = 0.01-3), while our estimates 
are made for the local AGN population. The apparent dis- 
crepancy may therefore hint at a substantial cosmological 
evolution of the intrinsic absorption distribution of pow- 
erful, quasar-like A GNs. 

In another work. Isteffen et al investigated the 

fraction of optically identified broad-line AGNs among X- 
ray sources detected at 2-8 keV with Chandra and ASCA. 
For the z = 0.1-1 population, this fraction was found to 
increase with luminosity, from less than 50% at £3-20 ^ 
lO''^ erg s-i to more than 85% at £3-20 ^ lO"*" erg s-\ 
with most of the uncertainty resulting from the large num- 
ber of unidentified sources, especially at low luminosity. 
If we associate broad-line sources with X-ray unabsorbed 
AGNs, the Steffen et al. results for the z = 0.1-1 popula- 
tion appear to be consistent with ours for the local one. 

4. X-ray AGN luminosity function 

We now address the X-ray luminosity function of nearby 
AGNs. We define this function 0(£3_2o) as the number 
density of AGNs per log £3-20, where £3-20 is the ob- 
served luminosity in the 3-20 keV range. 

We first estimate c!)(£3 ^n) in binned form using the 
conventional l/Kn method fechmi dtllQBSl) . Here, as in the 
previous section, V^i(£3_2o, A^h) is the space volume over 



which a given AGN with its observed luminosity £3-20 
and estimated absorption column A^h (again assuming an 
intrinsic power-law spectrum with F = 1.8) could be de- 
tected. 

As a next step, we approximate the data by a smoothly 
connected two power-law model 



A 



0(£3-2o) (^3_2^/^^)^, + (£3_20/£*)^^ ■ 

For this purpose, the maximum likelihood estimator 

0(£3-2O,i)Vo(£3-2Oj) 



£ = -2^1n 



/ 0(£3_2o)Vb(£3-2o) dlog £3-20 



(3) 



(4) 



is used, where j goes over all sampled AGNs. 

The sampled volume Vb(£3-2o) introduced above de- 
rives from the previously defined Vin(£3-20 5 A'h) as fol- 
lows: 



Vo(£3-2o) 



/(A^H)Kn(£3-20,A^H)dAH 



K„(£3-20,Ah -0) 

0. 78, £3-20 < lO'*^-^ 

1, £3-20 > 10 



ergs 



43.5gj.gg 1 



(5) 



According to this formulation, the A^h values estimated 
for the individual AGNs in our sample are not taken into 
account, but allowance is made for the average absorption 
distribution of AGNs /(A'h) as a function of luminosity 
derived in ^ It means that we evaluate the probabil- 
ity of observing an AGN with a given luminosity £3-20) 
regardless of its intrinsic absorption. We point out that 
the binned luminosity function obtained using the l/V^ 
method inherently takes into account individual column 
densities. 

Minimizing £ yields the best-fit values of the break 
luminosity £* as well as of the slopes 71 and 72. The fit- 
ting procedure does not however allow us to determine 
the normalizing constant A of the best-fit model. We thus 
calculate A from the condition that the number of AGNs 
predicted by the model is equal to the actual number of 
AGNs in our sample. 

We perform calculations for the luminosity range 
lO''^ erg s~^ < £3-20 < erg s"""^, which includes all 
of our emission-line AGNs except NGC 4945. The esti- 
mated luminosity of NGC 4945 is 8 x 10^° erg s^^ and as 
was noted in 321 this is the only Compton thick AGN in 
our sample while the subject of our study is Compton thin 
AGNs. We present the derived binned luminosity function 
and best-fit model in Fig. |S1 The parameters of the model 
together with their estimated la statistical uncertainties 
are summarized in Table |31 The normalization A is given 
without an error because this parameter is strongly cor- 
related with the others. The analytic fit is apparently in 
good agreement with the binned (/)(£3^2o); the good qual- 
ity of the fit is confirmed by the Kolmogorov-Smirnov test. 

The RXTE slew survey is effectively limited by a red- 
shift z = 0.1 for AGNs with £3^20 < lO'*''-^ erg s'^. 
However, our sample of emission-line AGNs includes 6 
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Sample 


log 


: ^3-20 


Size 


logL,'' 


/-I- 








-20(> 


41) 


Ni rm(> 41) 


KS 




erg s ^ 




erg s^^ 






Mpc"^ 


10^® erg 


Mpc~^ 


10"'' Mpc"^ 




Total 


41- 


-46 


76 




0.88t'^-i« 


2 24+"-^^ 

^•^^-0.18 


6.0(8.6) X 10"" 


^•■J-0.6 


(6.ili:^) 


51^ (71^3) 


> 0.9 


Total 


41- 


-45 


73 


43.52l»:« 


0.86«:^« 


2 lR+0-36 
^•^^"-0.26 


7.3 X lO"** 


4 

*"J-0.6 








> 0.9 


Unabsorbed 


41- 


-46 


59 




0.74«-,« 


9 OO+0-26 
^•'5^-0.22 


1.9 X 10"*^ 








1 4+1-5 


> 0.9 


North 


41- 


-45 


33 




u.yo_Q 24 




2.5(2.9) X 10"'^ 




(4.4-^ 


-1.3-. 
-1.2) 


51^2 (61^2) 


0.88 


South 


41- 


-46 


43 


AO 04^ + 0.50 


"•""-0.48 


2 1 4+0-32 


2.2(3.7) X 10"^ 




(7.5l 


-1.7N 

1.3) 


(rtD 


> 0.9 



^ - AH presented uncertainties are la. 
- In parentheses are given values corrected for maximum possible sample incompleteness. 



- Kolmogorov-Smirnov probability. 



sources located at z = 0.1 — 0.3, all of which have 
-^^3-20 > lO^'*'^ erg s"^. Nevertheless, we are confident 
that the obtained luminosity function is characteristic of 
the local Universe at z < 0.1. To prove this, we repeat the 
fitting in the narrower luminosity range 10^^ erg < 
-^^3-20 < 10*^ erg s~^, so that the fraction of AGNs with 
z > 0.1 reduces to 3 out of 7 in the interval 10^^'^ erg s"^ < 

< 10*^ erg s~^. As can be seen in Table|Sl the best- 
fit model remains essentially unchanged. 

We also present in Fig. [S] and Table 13 the luminos- 
ity function obtained for unabsorbed (A^h < 10^^ cm"^) 
emission-line AGNs. In calculating the best-fit model in 
this case, the volume correction given by equation (|SJ| 
was not made. As could have been expected from the 
behavior of the A^h distribution with luminosity 
the contribution of unabsorbed sources to the number 
density of Compton thin AGNs is smaller than 50% at 

< K IQ'^^-^ erg s~^, but becomes dominant at 
L3-20 > i*. It is interesting that the dramatic change in 
the intrinsic absorption distribution with luminosity that 
we discussed in |2|seems to take place somewhere near the 
break of the AGN luminosity function, although our sam- 
ple is not large enough to follow in detail the absorption 
distribution as a function of luminosity. 

We have further estimated the X-ray luminosity func- 
tion of blazars, disregarding the fact that only the 9 lower- 
luminosity {L3-20 < lO'*^ erg s~^) blazars in our sam- 
ple belong to the local population (z ^ 0.1) of AGNs. 
Interestingly, as demonstrated by Fig. |S1 the number 
density of blazars becomes comparable to that of nor- 
mal (emission-line) AGNs at observed luminosities above 
~ 10^^ erg s~^. It is worth noting that our blazars, se- 
lected in the 3-20 keV band, have spectra (see Paper 1) 
characterized by a broad distribution of slopes (F ~ 1 — 3) 
centered near the canonical F = 1.8 value for unabsorbed 
emission-line AGNs. 

4.1. Volume emissivity 

Multiplying the luminosity functions shown in Fig. |S1 by 
the luminosity yields a new plot (Fig. O that allows one 
to compare the contributions of AGNs with various lu- 
minosities to the local X-ray volume emissivity. We can 
see that AGNs, mostly absorbed ones, with luminosities 



in the range lO^^-lG'*'^'^ erg s""'^ release similar amounts 
of energy in X-rays per logL3_20- We can integrate once 
more over luminosity, 

POO 

M^3-2o(>41)= / 0(L3_2o)i3-2odlogL3_2O, (6) 

to estimate the cumulative emissivity of emission-line 
AGNs with ^3-20 > 10''^ erg s~^. The resulting value is 
presented in Table 13 together with a la statistical uncer- 
tainty determined by exploring the likelihood distribution 
over the parameter space. It can be seen that W3_2o(> 41) 
is well constrained by the data. 

For some applications, the total number density of 
AGNs with L3_20 > 10^^ erg s-\ 

nOO 

7V3-20(> 41) = / 0(L3-2o)dlog£3-2O, (7) 
J41 

also might be important. Our estimate for this quantity is 
presented in Table|31 We point out that the quoted number 
density is dominated by AGNs located near the lower end 
of the sampled luminosity range and may increase by a 
substantial factor if AGNs with ^3-20 < 10^^ erg s~^ are 
counted. 

4.2. Additional checks of the results 

The 3-20 keV AGN luminosity function obtained above 
may be affected by both the incompleteness of the input 
sample and the inhomogeneous distribution of AGNs re- 
sulting from the local large scale structure. To address the 
first of these issues, we assumed that AGNs meeting the 
XSS detection criterion and not appearing in our sam- 
ple have the same distribution in luminosity as the AGNs 
composing the sample. We can then estimate the maxi- 
mum possible effect of sample incompleteness by correct- 
ing the best-fit model amplitude A as well as the inferred 
integral quantitites VF3_2o(> 41) and 7V3_2o(> 41) using 
the completeness coefficient defined in ti2.4l The corrected 
amplitude is given in Table |31 The true amplitude of the 
luminosity function should lie somewhere between the un- 
corrected and corrected values. 

In order to estimate the possible effect of the large 
scale structure, we have computed luminosity functions 
for our northern and southern subsamples of AGNs. The 
obtained binned distributions and corresponding best-fit 
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Fig. 8. Local 3-20 keV luminosity functions obtained 
here for (i) Compton-thin (A^h < 10'^'* cm~^) non-blazar 
AGNs: in binned form (solid circles with la error bars) 
and an analytic approximation (thick solid curve) given 
by Eq. © with parameter values quoted in Table |31 

(ii) similarly for unabsorbed (A^h < 10^^ cm~^) non- 
blazar AGNs (open circles and thin solid curve), and 

(iii) for blazars (open squares within wider bins, no an- 
alytic fit is presented). The second set of data points is 
slighlty shifted along the luminosity axis for better vis- 
ibility. For comparison are presented previous estimates 
of the local 2-10 keV AGN luminosity function, recom- 
puted here to the 3-20 keV band and to our adopte d value 



Ho = 75 km s'^ Mpc~^: b y'Piccinotti et all ||1982() (dash- 
dotted curve) , by lUeda et al (^OO.!) (for Cornptoii -thin 
sources, dotted curve) and by La Franca et al.l l 2002() (for 
unabsorbed sources, dashed curve). 



analytic models are presented in Fig. EH and Table El 
In addition, the amplitudes corrected for the incomplete- 
ness of both samples are given. The Kolmogorov-Smirnov 
test demonstrates that the two AGN subsamples could 
well be drawn from the same luminosity distribution: 
^KS — 0.35. Furthermore, the estimated cumulative cmis- 
sivity M^3-2o(> 41) and number density Af3-2o(> 41) are 
not significantly different for the northern and southern 
samples either. 

Finally, we perform a standard V/Vm test llSchmidd 

for our AGN sample. To this end, a V/Vm ratio is 
calculated for each AGN as (C/4(5C)~^/^, where C is the 
measured count rate in the 3-20 keV band and SC is the 
associated Icr statistical uncertainty. The factor 4 reflects 
the detection criterion defining the AGN sample. Then, 



Fig. 9. Contribution of AGNs with various luminosities 
to the local 3-20 keV volume emissivity, estimated from 
the binned luminosity functions presented in Fig. [S] of 
Compton-thin non-blazar AGNs (filled circles), of unab- 
sorbed non-blazar AGNs (open circles), and of blazars 
(open squares). 



averaging is performed in specified luminosity bins. As 
can be seen from Fig. ^] the observed deviations of the 
V/Vm ratio from the value 0.5 expected for a homogeneous 
distribution of sources are not statistically significant. In 
particular, averaging over the whole sample of emission- 
line AGNs gives (V/Vm) = 0.44 ± 0.04, which represents 
an insignificant (1.5cr) deviation from 0.5. 

We conclude that the obtained luminosity function is 
not significantly affected by the inhomogeneity of mat- 
ter distribution in the local Universe. The possible in- 
completeness of our sample introduces a systematic un- 
certainty of ^ 20% on the amplitude of the luminosity 
function, characterized by W3_2o(> 41), in addition to 
the statistical uncertainty of ^ 15%. 

4.3. Comparison with other studies 

The 3-20 keV AGN luminosity function obtained in this 
work surpasses in quality previously published luminos- 
ity functions obtained at photon energies above 2 keV for 
the local {z < 0.1) AGN population. In Fig. |H1 we show 
for comparison the 2-10 keV luminosity function derived 
bv lPiccinotti et all l)l982|) from their HEA0-1/A2 sample 
of AGNs (mostly unabsorbed ones). The small luminosity 
correction log(L3_2o/i2-io) = 0-1 has a negligible effect 
on the comparison. Since the Piccinotti sample is rela- 
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42 43 44 45 

Log 3-20 keV luminosity, erg s"^ 



Fig. 10. 3-20 keV luminosity functions of local Compton- 
thin non-blazar AGNs inferred from the southern subsam- 
ple (filled circles) and northern subsample (open circles), 
m comparison with the best- fit model [Eq. Tabled] 
found for the whole AGN sample (solid line). 



O.B 



0.6 



0.4 



0.2 




tively small (~ 40% of ours) and covers a relatively narrow 
luminosity range 

10^2 erg < L2_io < lO''^ erg s-\ the 
data could be well fitted by a power-law model with an 
index 1.75. Within the uncertainties, the Piccinotti et al. 
luminosity function is in very good agreement with the 
one derived here. 

In addition, much effort has been invested into study- 
ing the evolution of the 2-10 ke V AG N lu minosit y func- 
tion with redshi f t. In p articular, iLa Franca et al.l l)2002f) 
and lUeda et aP l)2003() have constructed large samples 
of AGNs for this purpose. The former includes 158 op- 
tically type 1 AGNs selected from HEAO-1, BeppoSAX 
and ASCA surveys, and the latter consists of 247 AGNs 
detected by HEAO-l, ASCA and Chandra, including a 
substantial number of X-ray absorbed sources. In these 
works, both the shape of the luminosity function and its 
evolution out to high redshift are fitted simultaneously 
to the observed distribution of AGNs on the luminosity- 
redshift plane. It is interesting to compare the present-day 
luminosity functions predicted by these studies with the 
one directly determined here. 

lUeda et al.l l)2003(l present their results in terms of 
the intrinsic 2-10 keV luminosity L2-io,int- Although 
our luminosity function is defined in terms of the 
observed 3-20 keV luminosity L3_2o, it will hardly 
change after recalculation in terms of L3-20,int since 
(log(L3_20,int/i3-2o)) = 0.1 (0) for the observed Nh 



distribution of AGNs with L3„20 < lO''^-^ erg s" 
(i3_20 > 10"*^-^ erg s^^). The similarly small 
log(L3_20,int/-^2-io,int) — 0.1 corrcction counteracts the 
previous one at low luminosity. We can therefore take 
approximately log(L3_2o/i2-io,int) = 0.05 for the en- 
tire lumino sity range. On the othe r hand, the luminosity 
function of 'L a Franca et aP l)2002j) is obtained for unab- 
sorbed AGNs and should thus be compared with our cor- 
responding result for this case [making a small correction 
log(L3_2o/i2-io) = 0.1]. 

The comparison is done in Fig. |H1 and it can be seen 
that the amplitude of our luminosity functions derived for 
all AGNs and for unabsorbed ones is si naller by at least a 
fact or of 2 than pred i cted f or z = bv lUeda et all ll2003^ 
and iLa Franca et aP l|2002fl . respectively. Part of this ap- 
parent discrepancy (less than a factor of 1.4 and this is al- 
ready reflected in TableEJ may result from the possible in- 
completeness of our sample. It is difficult to make a formal 
statement as to whether the remaining difference can be 
accounted for by the statistical uncertainties. Despite the 
different amplitu des, the shapes of our luminosity func- 
tion and those of ' Ueda et al.l 1 20031) and iLa Franca et alJ 
(^2002'! are in satisfactory agreement. 



40 



42 43 44 45 46 47 
Log 3-20 keV luminosity, erg s"^ 
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49 



Fig. 11. V/Vm ratio averaged over luminosity bins for the 
whole XSS AGN sample. The error bars represent la sta- 
tistical uncertainties. 



4.4. 8-20 keV luminosity function 

Our preceeding analysis was based on a sample of AGNs 
selected by the flux in the 3-20 keV band. At the same 
time, we know the source fluxes in the subbands 3-8 keV 
and 8-20 keV. In addition, as explained in Paper 1, the 
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Fig. 12. Local 8-20 keV luminosity functions obtained 
here for Compton-thin (A^h < 10^^ cm"^) non-blazar 
AGNs: in binned form (solid circles with la error bars) 
and an analytic approximation (thick solid curve) given by 
Eq. ^ with parameter values quoted in Table |31 and for 
unabsorbed (A'h < 10^^ cm~^) non-blazar AGNs (open 
circles, no analytic fit is presented). 



sensitivity of the RXTE slew survey as a function of pho- 
ton energy (determined by the energy response of the PGA 
instrument and by the background) is such that Compton 
thin AGNs (A^h < lO'^^ cm'^) detectable at 8-20 keV 
are always also detectable in the broader band 3-20 keV. 
We can therefore define a sample of AGNs selected in the 
8-20 keV band from our 3-20 keV sample (Table ^ by 
applying the condition C8-2o/'5C8-20 > 4, where 6*8-20 
and SCs-20 are the count rate and Icr uncertainty for the 
hard subband. 

The hard X-ray selected sample consists of 45 AGNs, 
including 37 emission-line AGNs (24 unabsorbed and 
13 absorbed) and 8 blazars. Among the 35 unidentified 
sources (Table ^ only 7 are detected in the 8-20 keV 
band, and therefore the new AGN sample is at least 87% 
complete. 

Using the above sample, we have built a 8-20 keV AGN 
luminosity function in the sampled range 10^"'^ erg s~^ > 
-^8-20 < lO^*^'^ erg s~^ (here £3-20 is the observed 8- 
20 keV luminosity) by the methods described earlier in 
this section. The results are presented in Fig. ^] and 
Table0] In calculating the best-fit model we made a small 
volume correction to take into account the difference in 
the A^H distribution of low- luminosity and high-luminosity 



K„(i8-20,A^H = 0) 

0.84, ^8-20 < 10^3.2 g^gg-1 

^8-20 > 10^^-2 erg s-1 



1. 



(8) 



This expression differs from equation (0) because the de- 
pendence of the survey volume on A^h is different for the 
3-20 keV and 8-20 keV bands (see Fig. and since 
log(L3_2o/-^8-2o) = 0.3 for A^H = [for comparison, 
(log (La- 20 7-^8 -20)) = 0.2 for an ensemble of AGNs with 
-^3-20 < 10*^'^ erg s^^ and the derived A^h distribution]. 

The small size of our 8-20 keV selected sample com- 
pared to the 3-20 keV selected one leads to relatively large 
uncertainty in the determination of the 8-20 keV luminos- 
ity function. Given this fact and taking into account the 
^3-20/^8-20 correction, the best-fit model obtained for 
the 8-20 keV luminosity function (Table ^ is consistent 
with the better constrained 3-20 keV luminosity function 
(Table EI). 

5. AGN contribution to the local X-ray output 

In the previous section, we estimated the total energy re- 
leased per unit volume in the 3-20 keV band by local 
AGNs with L3_20 > 10"*^ erg s"! at W3-2oi> 41) = 
(5.2 ± 1.2) X lO^^* erg s~^ Mpc~'^. The value and error 
given here take into account both the possible sample in- 
completeness and statistical uncertainty. Given the lumi- 
nosity dependence of the absorption column density dis- 
tribution discussed in ^ we can convert the above esti- 
mate to the standard 2-10 keV band: T4^2-io(> 40.7) = 
(2.9 ± 0.7) X 10^^ erg s'^ Mpc"^. Most of this emission 
is produced by Seyfert galaxies with X-ray luminosities 
below ^ lO*** erg s~^. 

It is interesting to compare the above value with the 
total X-ray volume emissivity in the 2-10 keV band, 
which has been estimated as P2-10 = (6.5 ± 1.9) x 
10^* erg s"^ Mpc"^ (for Hq = 75 km s"^ Mpc^^) from 
the cross-correlatio n of IRAS galaxies with the HEAO-l 
all-sky X-ray map l|Mivaii et al.lll993) . We may conclude 
from this comparison that sources other than classical 
Seyfert galaxies may provide similar contribution to the 
local X-ray emissivity. The obvious candidates are low- 
luminosity (^2-10 < lO''^ erg s~^) AGN, starburst and 
non-active galaxies and clusters of galaxies. In particu- 
lar, the contribution of clusters of galaxies to the local 
2-10 keV emissivity is ~ 0.5 x 10"^^ erg s~^ Mpc~^, as 
can be estim ated from the measured 0.1-2.4 keV luminos- 
ity function i Bohring er ^1^ ^lj l20Q2l) ari d the luminosity- 
temperature relation IjMarkevitchl IS). 

We may further compare the local AGN volume emis- 
sivity with relev ant estimates f or a in ore distant Universe. 
The results of ICowie et al.l ()2003|) obtained with the 
Chandra observatory indicate that the cumulative emis- 
sion from AGNs with ^2-10 > 10'*^ erg s^^ (the ac- 
tual energy range used was 2-8 keV) has decreased from 
a few xlO^^ erg s~^ Mpc~^ at z = 1-2 to less than 
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Sample 


log L3-20 Size 

erg s^'' 


logL.^ 71 72 A 

erg Mpc^'' 


Ws-2o{> 41) 
10-^** erg s^^ Mpc"^ 


Af8-2o(>41) 
10"'' Mpc"-^ 


Pks 


Total 


10.5 11.5 37 


12.82ii;;^5 O.GGi;;;^^ X iO " 


-Oil;;;; (1.31^;^) 




> 0.9 



^ - All presented uncertainties are la. 



]^q39 g].g g-1 Mpc"^ at z ~ 0.5. Our result thus suggests 
that a further decrease of the total energy production by 
AGNs has occured by the present epoch. 



6. Conclusions 

1. A well defined sample of 95 AGNs located at \b\ > 10°, 
detected in the 3-20 keV band by the RXTE slew sur- 
vey is presented. Most of the sources belong to the local 
population {z < 0.1). Accurate estimates of the intrin- 
sic absorption column are presented for practically all 
of the sources. 

2. The reconstructed A^h distribution of AGNs is 
drastically different for low-luminosity (^3-20 ^ 

1043.5 

erg s ^) and high-luminosity (Z/3-20 ^ 
1043.5 gj.g g-i-j objects. Among the former, two thirds 
are X-ray absorbed (10^^ cm"^ < Nu < 10'^'^ cm~^), 
whereas the corresponding fraction is less than 20% 
among the latter. These statistics do not take into ac- 
count the population of Compton thick AGNs {Nu > 
10^^ cm~^), to which our survey is not sufficiently sen- 
sitive. 

3. The 3-20 keV AGN luminosity function is derived, 
which is the best-to-date in quality at photon energies 
above; 2 kcV for the local population. The luminosity 
function starts to flatten at -^3-20 ~ lO**'^'^ erg s~^ 
toward lower luminosities, approximately where ob- 
scured objects start to dominate the AGN population. 
A physical explanation for this behavior is required. 

4. Comparison of the cumulative X-ray output of AGNs 
with £3-20 > 10^^ erg s~^ with the previously es- 
timated total X-ray volume emissivity in the local 
Universe demonstrates that low-luminosity (1/3-20 < 
10^"'^ erg s~^) AGNs, non-active galaxies and clusters 
of galaxies together may be emitting a similar amount 
of X-rays to Seyfert galaxies. 

5. A sample of 35 rmidentified sources AGN candidates, 
detected during the RXTE slew survey is presented. 12 
of these have a likely ROSAT soft X-ray counterpart 
with a better than 1 arcmin localization, so their iden- 
tification in the optical and other bands should not be 
difficult. The positions of the other sources are cur- 
rently known with a 1 deg accuracy, and could be im- 
proved by scanning observations with X-ray telescopes. 
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